Modern prevention guidelines substantially increase the number of individuals who are eligible for treatment with statins. Efforts to refine statin eligibility via coronary calcification have been studied in white populations but not, to our knowledge, in large African American populations.
A frican American individuals are at disproportionately high risk for atherosclerotic cardiovascular disease (ASCVD) 1 -defined as a history of myocardial infarction by self-report or 12-lead electrocardiogram, selfreported stroke, carotid angioplasty, coronary artery bypass, carotid endarterectomy, arterial revascularization, coronary angiogram, or cardiac catheterization-with a more adverse response to cardiovascular risk and subclinical ASCVD compared with those of other racial backgrounds.
2 Several reports suggest that while 2013 American College of Cardiology/ American Heart Association (ACC/AHA) guidelines using the race-specific Pooled Cohort Equations (PCEs) 3 risk scores discriminate ASCVD risk well in African American individuals, the guidelines also call for a marked increase in statin eligibility (relative to older 2004 Adult Treatment Panel ATP-III guidelines 4, 5 ). The increase in statin eligibility in adults with a low expected cardiovascular event rate 5 (with potential for increased cost and adverse effects) has prompted search for biomarkers to prioritize statin therapy. 6, 7 Furthermore, the US Preventive Services Task Force (USPSTF) 8 recently developed new statin guidelines for primary ASCVD prevention that address these issues, emphasizing clinical risk factors and incorporating risk assessment via the PCE risk score estimator. Nevertheless, to our knowledge, it remains unknown whether newer USPSTF clinical guidelines or ACC/AHA guidelines accurately identify African American individuals with vascular calcification and high ASCVD risk, specifically whether statin eligibility and vascular calcification provide complementary information in this population.
To address this, we examined whether statin eligibility by USPSTF guidelines compared with ACC/AHA guidelines identifies African American individuals with higher ASCVD risk and vascular calcification in the Jackson Heart Study (JHS), a large, established cohort of African American individuals with coronary and aortic calcium quantification. Our goals were to understand whether statin eligibility under USPSTF recommendations better identifies African American individuals with (1) higher ASCVD risk and (2) higher coronary and abdominal aortic calcium scores than ACC/AHA guidelines and (3) whether the presence of coronary calcification provides incremental value to USPSTF or ACC/AHA guidelines in determining ASCVD risk.
Methods

Study Population
The JHS is a population-based prospective study of 5306 African American individuals 21 years or older from the Jackson, Mississippi, tricounty area (ie, Hinds, Madison, and Rankin). The study was designed to identify causes of ASCVD among African American individuals. 
Coronary and Aortic Vascular Calcification
By JHS study design, vascular calcium was quantified at visit 2 and not at visit 1 (median interval between visit 1 and 2, 4.5 years). Heart and abdominal imaging were obtained with a 16-channel multidetector CT using a prospective electrocardiogram-triggered protocol (Lightspeed 16 Pro; GE Healthcare), as published. 14,15 Coronary artery calcium (CAC) score and abdominal aortic calcium (AAC) score were quantified using the Agatston score (TeraRecon Aquarius Workstation).
16
Incident Atherosclerotic Cardiovascular Disease
Incident ASCVD was defined as the occurrence of the first myocardial infarction, ischemic stroke, or fatal coronary heart disease event. Incident myocardial infarction, ischemic stroke, and fatal coronary heart disease were determined through adjudication of relevant medical records, as previously described. 17 The final date of follow-up was December 31, 2012.
Statistical Analysis
A central component of our analysis is the selection of exposure (statin eligibility) and outcomes (ASCVD events; vascular calcification). Given the low overall event rate in this primary prevention population, for our prognostic aim, we chose to maximize power (with greatest events and follow-up in Cox regression) by examining the association between statin eligibility at visit 1 (exposure) with long-term ASCVD events (outcome). For our vascular calcification aim (assessed at visit 2 only in the JHS), we performed analyses based on statin eligibility at visit 1. The study flow is shown in eFigure 1 in the Supplement. We first used logistic regression models to estimate the probability of the presence of CAC or AAC (zero vs nonzero) based on statin eligibility by 2016 USPSTF guidelines and 2013 ACC/AHA guidelines. "Not statin eligible" was treated as the referent category. We assessed model discrimination (C statistic) for vascular calcification. Differences in C statistics between statin eligibility by USPSTF and ACC/AHA guidelines and reclassification for CAC or AAC were calculated as described by Pencina and others. 18, 19 To address our prognostic aim, we examined the effect of statin eligibility by USPSTF vs ACC/AHA guidelines on clinical outcomes, independent of CAC score. First, we constructed Cox proportional hazards regression models and estimated annualized event rates for incident ASCVD as a function of statin eligibility by USPSTF guidelines vs ACC/AHA guidelines. Event rates were calculated per 1000 patientyears of follow-up, analogous to a previously published study, 20 with comparison by Poisson regression. In the subgroup of 1743 individuals with CT imaging, we examined whether the presence of CAC by CT imaging was associated with ASCVD risk independent of statin eligibility by either guideline. The assumption of proportional hazards was confirmed via Kolmogorov supremum test. Kaplan-Meier survival curves were used to visualize cumulative incidence over time. Statistical analyses were performed using SAS version 9.4 (SAS Institute). A 2-tailed P value < .05 was considered significant.
Results
Baseline Characteristics
A diagram summarizing analytic sample construction is shown in eFigure 1 in the Supplement. We evaluated statin eligibility at visit 1 in all 2812 participants for our prognostic aim and evaluated statin eligibility at visit 1 in 1743 participants with CT imaging for our calcification aim. Demographic, clinical, and biochemical characteristics and imaging characteristics stratified by statin eligibility are shown in Table 1 . The mean (SD) age was 55.4 (9.4) years, 1837 (65.3%) were female, and the mean (SD) body mass index (calculated as weight in kilograms divided by height in meters squared) was 31.6 (7.0), which indicated obesity. The median (interquartile range) 10-year PCE risk score was 6.9% (3.1%-13.1%). Of the 1743 participants with CT imaging who were eligible for statins, 732 (42.0%) had detectable coronary calcification and 1110 (63.7%) had detectable abdominal aortic calcification. As expected, the participants excluded from analysis had an overall higher prevalence of ASCVD risk factors and greater statin use (eTable 1intheSupplement).
Distribution of Statin Eligibility in African American Individuals
Of 2812 participants not receiving statin therapy at baseline, 1072 (38.1%) were statin eligible by USPSTF grade B guideline recommendations compared with 1404 (49.9%) by ACC/AHA guidelines (risk difference, 11.8%; 95% CI, 10.5-13.1; P < .001). Overall, among individuals not receiving statins at the baseline study visit, statin recommendations were concordant for both guidelines in 2422 participants (86.1%). While 361 (12.8%) were statin eligible based on ACC/AHA guidelines alone, only 29 (1.0%) were eligible by USPSTF alone, and 361 of 1404 African American individuals (25.7%) recommended for statin therapy under ACC/AHA guidelines were not recommended for statin therapy under USPSTF guidelines.
Statin Eligibility and Clinical Risk in Statin-Naive African American Individuals
Over a median 10-year follow-up (interquartile range, 9.1-10.7 years), we observed 123 (4.5%) incident ASCVD events (60 with coronary heart disease events and 63 with ischemic stroke; eTable 1 in the Supplement). We observed a 5.0-fold increased hazard of incident ASCVD (hazard ratio, 5.0; 95% CI, 3.3-7.4; P < .001) among statin-eligible participants by USPSTF guidelines vs noneligible participants and a 5.5-fold increased hazard of incident ASCVD (hazard ratio, 5.5; 95% CI, 3.4-8.8; P < .001) among statin-eligible participants by ACC/ AHA guidelines (eFigure 2 in the Supplement). Importantly, those indicated for statins under both guidelines had a higher event rate than those indicated only under ACC/AHA guidelines (9.6 events per 1000 patient-years; 95% CI, 7.8-11.8; vs 4.1 events per 1000 patient-years; 95% CI, 2.4-6.9; P = .003).
Statin Eligibility and Subclinical Vascular Calcification
Of our overall cohort, 1743 (62.0%) underwent cardiac and abdominal CT for CAC and AAC scoring at visit 2. Participants in the CT subgroup were at lower ASCVD risk (eTable 2 in the Supplement). Nevertheless, coronary calcification was identified in 507 of 732 African American individuals (69.3%) by ACC/ AHA guidelines compared with 404 (55.2%) by USPSTF guidelines (risk difference, 14.1%; 95% CI, 11.2-17.0; P < .001) and aortic calcification was identified in 681 of 1110 (61.4%) by ACC/AHA guidelines compared with 512 (46.1%) by USPSTF guidelines (risk difference, 15.2%; 95% CI, 12.9-17.5; P < .001) (Figure 1 ). We observed a 5-fold greater odds of detectable CAC (odds ratio, 5.1; 95% CI, 4.1-6.3; P < .001) and AAC (odds ratio, 5.4; 95% CI, 4.2-6.9; P < .001) among participants eligible for statins by USPSTF grade B guideline recommendations vs noneligible participants ( Table 2) . We observed a 5-fold greater odds of detectable CAC (odds ratio, 5.1; 95% CI, 4.1-6.3; P < .001) and a nearly 6-fold greater odds of detectable AAC (odds ratio, 5.8; 95% CI, 4.7-7.3; P < .001) among participants eligible for statins by ACC/AHA guidelines vs noneligible participants (Table 2) .
Although USPSTF guidelines did not provide overall better risk discrimination and net reclassification for the presence and extent of coronary calcification relative to ACC/ AHA guidelines, USPSTF guidelines were significantly less sensitive (net reclassification index [for CAC], −14%; P < .001) and more specific (net reclassification index [for no CAC], 11%; P < .001) ( Table 3) . Statin eligibility by ACC/AHA guidelines provided better risk discrimination and net reclassification for the presence of aortic calcification (Table 3 ) (eTable 3 in the Supplement). The effect of statin eligibility by ACC/AHA guidelines vs USPSTF guidelines on risk of aortic calcification was primarily in correctly reclassifying individuals who had detectable AAC. Individuals with AAC were more often incorrectly reclassified by USPSTF statin eligibility guidelines.
Calcium and Incident ASCVD
To understand whether the presence of CAC might influence contemporary clinical recommendations for statin use, we investigated the effect of adding calcification to statin eligibility on incident ASCVD. In the subgroup of 1743 participants with CT imaging (including those receiving statins at visit 2 but not receiving statins at visit 1), we observed 55 events (30 with coronary heart disease events and 25 with ischemic stroke) over a median 10-year follow-up. Participants in this subgroup who were statin eligible by USPSTF guidelines had a numerically higher but not statistically significant 10-year ASCVD event rate in the presence of CAC vs without CAC (8.4 per 1000 personyears; 95% CI, 5.9-11.9; vs 4.4 per 1000 person-years; 95% CI, 2.2-8.8; P =.20) (Figure 2) . Participants not statin eligible by USPSTF guidelines had a higher ASCVD event rate in the presence of CAC vs without CAC (2.8 per 1000 person-years; 95% CI, 1.5-5.4; vs 0.8 per 1000 person-years; 95% CI, 0.3-1.7; P = .03) (Figure 2 ). Participants who were statin eligible by ACC/ AHA guidelines experienced a higher 10-year ASCVD event rate in the presence of CAC vs without CAC (8.1 per 1000 personyears; 95% CI, 5.9-11.1; vs 3.1 per 1000 person-years; 95% CI, 1.6-5.9; P = .02) (Figure 2 ). Participants not statin eligible by ACC/AHA guidelines had a low 10-year ASCVD event rate regardless of CAC score (Figure 2 ).
Distribution of CAC in Individuals Across PCE Risk Score
Given the proposed role for CAC to improve on PCE-directed statin recommendations, 7 an important question is whether specific thresholds of 10-year risk score by PCE might influence decisions to perform CAC screening in African American individuals. To provide the broadest cohort for addressing this question, we included all 1417 JHS participants in our cohort who underwent CT imaging and had a measurable 10-year PCE risk score but did not qualify for statins by diabe- tes or by LDL-C level. Figure 3 shows the distribution of prevalent (nonzero) CAC scores across 10-year PCE risk scores. We observed a continuous increase in CAC prevalence across PCE risk scores. In gray-zone risk (5%-7.5% 10-year risk), only 86 of 214 African American individuals (40.2%) had CAC, whereas 162 of 220 (73.6%) harbored CAC in the group with more than 12.5% 10-year ASCVD risk.
Discussion
In this large community-based cohort of African American adults, we identified 3 major findings central to prevention efforts. lines with CAC were at higher risk than those without CAC. Conversely, participants not recommended for statins under USPSTF guidelines who had CAC experienced higher event rates than those without CAC. This suggests that CAC has the potential to personalize recommendation for statin therapy by both guideline recommendations. Finally, we detected CAC in 40.2% of individuals in the gray zone of PCE risk score (5%-7.5%) and in more than 70% of those with PCE risk scores greater than 12.5%. This observation supports guideline recommendations for subclinical ASCVD testing in individuals at intermediate risk while suggesting that there is a threshold of PCE risk score above which most African American individuals have CAC wherein testing may not be clinically expedient or cost efficient. Alignment of contemporary statin prescription guidelines with noninvasive measures of ASCVD has been investigated in several cohorts worldwide. Work by Nasir et al 7 in 2015
in the Multi-Ethnic Study of Atherosclerosis (MESA) demonstrated that more than 40% of statin-eligible individuals under ACC/AHA guidelines have a calcium score of 0, with a 5.2% 10-year ASCVD event rate (near the 5% 10-year event rate floor where ancillary testing is suggested by guidelines). In addition, investigators from the Heinz Nixdorf Recall study 21 demonstrated in 2017 that CAC score may identify individuals at both higher and lower risk regardless of statin indication, suggesting that ancillary calcification testing may be clinically useful. Similarly, in 5805 participants in the BioImage study (mean age, 69 years), Mortensen et al 22 reported that a CAC score of 0 was present in nearly 1 in 3 participants and forecasted a low incident ASCVD rate. 22 We extend these results to newer USPSTF guidelines in African American individuals. In 1743 participants with calcium scoring in JHS, we found that while statin eligibility by either ACC/AHA (69%) or USPSTF (55%) guidelines captured a large fraction of individuals with coronary calcification, there remained a significant proportion of African American individuals with coronary calcification who were not identified by either guideline. In turn, among the participants not eligible for statins by USPSTF guidelines, the presence of CAC was associated with a greater risk of ASCVD; this was not the case for the ACC/AHA guidelines. Of note, while event rates in MESA (5.2%) and JHS (4.5%) were comparably low, there was potential value of CAC in improving risk stratification in both studies.
Strengths and Limitations
The strengths of our study are a large cohort of African American individuals with measurement of coronary and aortic calcification, detailed cardiovascular phenotyping, long follow-up, and careful event adjudication. While our event rates appeared low overall, they were consistent with prior work from several other multiracial epidemiologic studies with longterm follow-up. 6, 7 In an era of widespread use of statins in highrisk individuals, the PCEs may overestimate risk in the remaining pool of lower-risk individuals. Furthermore, an inherent limitation of the JHS study design is that CT imaging was performed in a (healthier) subgroup, introducing the possibility of referral bias, and that the timing of CT imaging was separated from the determination of statin eligibility. Nevertheless, we chose to use a "zero" vs "nonzero" CAC threshold, noting that individuals without CAC at visit 2 would necessarily be without CAC at visit 1. We recognize that this may exclude some individuals with interval development of calcification (itself a higher-risk scenario) or may focus on individuals who do not develop CAC over time (itself a lower-risk scenario). We excluded individuals with statin use at study baseline to target the population in whom statin therapy should be considered based on atherosclerotic disease risk. While therapeutic use is carefully classified in JHS (only 7% with incomplete recording of medications), the prevalence of statin therapy at baseline was low (11.3%), raising concern regarding possible confounding by participants who should have been prescribed statins but were not. However, the prevalence is similar to the 13% statin use observed in a large African American cohort of the Southern Community Cohort study, 23 suggesting our estimates may resemble those of the general African American population prior to the release of 2013 guideline recommendations.
Conclusions
In conclusion, in a large cohort of African American individuals, we found that the clinical application of the USPSTF guidelines to determine statin eligibility focuses treatment on a smaller pool of high-risk individuals at the expense of missing many with vascular calcification and at low to intermediate risk compared with ACC/AHA guidelines and is associated with a similar increased hazard of incident ASCVD compared with ACC/AHA guidelines. 
